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OBJECTIVES:

Insulin is a growth factor for colorectal cancer. Visceral adipose tissue (VAT) is strongly asscciated

with insulin levels, and insulin and visceral obesity have been associated in cohort studies with
colorectal cancer. The aim of this investigation was to determine whether VAT is associated with
recurrence of adenomatous polyps, the precursor to colorectal cancer.

METHODS:

As an anclllary study to the Polyp Prevention Trial, a randomized clinical trial that evaluated the

effect of a low-fat, high-fiber, high vegetable and fruit diet on adenomatous polyp recurrence,
subjects at one clinical center underwent measurement of VAT with a single-slice CT scan through
the L4-L5 Interspace. The scan was performed around the time of the subject’s year 4 colonoscopy

that determined adenoma recurrence.

RESULTS:

Of 119 subjects, 44 of 84 men (52%) and 16 of 35 women (46%) had a recurrent adenoma (p =

0.51). Body mass index (BMI) and weight at baseline and at year 4 colonoscopy were unrelated to
adenoma recurrence. In a muiltivariate model including visceral fat quartile, remote history of
polyps, gender, age, and randomization group, only remote history of polyps was statistically
significantly associated with recurrent adenoma with a relative risk of 4.6 (95% Cl 1.7, 12.4,p =
0.001). There was no consistent monotonic trend of increased or decreased risk of recurrence as
one ascended quartiles of adipose tissue for visceral, subcutaneous, or total abdominal fat.

CONCLUSION:

in this study, no association between visceral adipose tissue and adenomatous polyp recurrence

was observed. Further study and exploration of the role of VAT in adenoma progression is required.

INTRODUCTION

Colorectal cancer (CRC) is a significant public health prob-
lem and is the second leading cause of cancer-related mortal-
ity in the United States (1). Because treatment of advanced
CRC is limited, prospects for CRC control must focus on
early detection and prevention. Strong circumstantial evi-
dence suggests that CRC develops from a precursor lesion,
the adenomatous polyp (2).

Recurrence of adenomatous polyps in subjects with ade-
nomas is common, about 10% of subjects have a recurrent
adenoma per year (3). At the current surveillance intervals of
3-5 yr, about 30-50% of subjects have a recurrent adenoma.
Little is known about the factors associated with recurrent
adenomas. Endoscopic factors such as multiplicity and the
presence of advanced adenomas have been associated with
recurrent adenomas, though these factors are not consistently
observed in all studies (3). Because surveillance of subjects
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with adenomas is one of the most costly aspects of screen-
ing (4), improvement in tailoring surveillance intervals is a
priority.

Although there have been dramatic advances in under-
standing the genetic changes that accompany progression
from adenomatous polyp to cancer, compelling evidence in-
cluding migrant studies (5), and rapidly changing incidence
and mortality (6) support a strong role of environmental
factors in carcinogenesis. Obesity is one such factor. Many
studies (5, 7, 8) have demonstrated a direct association be-
tween obesity, estimated by body mass index (BMI) and in-
creased risk for CRC, especially in men. Recent epidemio-
logic data suggest that adipose tissue distribution, rather than
overall adiposity, may be an important mediating factor in
the association between BMI and CRC (9). Associations be-
tween waist circumference or waist-to-hip ratio, surrogate
measures of intraabdominal fat or visceral adipose tissue
(VAT), and subsequent development of CRC or large adeno-
mas (> lcmin size) have been demonstrated in cohort studies
(911). Physical inactivity is another environmental factor
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and a third of the men had a remote history of adenomatous
polyps (Table 1). The BMI [weight (kg)/height (meters®)] was
similar for men and women but men weighed more and were
taller. The measurements of visceral fat, subcutaneous fat,
and total fat are noted in Table 1. Men had more visceral fat
(p = 0.005) but less subcutaneous fat ( p < 0.001) and tended
to have lower amounts of total fat (p = 0.07) (Table 1). Asa
percentage of total fat, men had more visceral fat than women
{43.4% vs 29.3%, p < 0.001). Of 119 subjects, 44 of 84 men
(52%) and 16 of 35 women (46%) had a recurrent adenoma
(p = 0.51).

In Table 2 the relationship of the demographic variables,
polyp history, and measures of obesity is examined in a
univariate analysis to the recurrence of an adenoma at T4
colonoscopy. Gender, race, age, education, NSATD/ASA use,
and smoking were unrelated to the recurrence of an adenoma
(Table 2). A remote history of adenomas was highly associ-
ated with having a recurrent adenoma at T4 (p = 0.0008).
Twenty-six of 35 (74.3%) of those patients with a prior ade-
noma had a recurrent adenoma compared with 34 of 84
(40.5%} of those without a previous adenoma. A family his-
tory of CRC was not associated with a recurrent adenoma.
Those randomized to the intervention cohort had a 42.6%
recurrence rate compared to 58.6% in the control group
{(p = 0.08). BMI and body weight at initiation into the trial (T
time point) and at year four (T4 time point) were unrelated
to adenoma recurrence (Table 2). There was also no rela-
tionship between weight change and recurrence of adenomas
(T4-TO time point). Similarly, there was no relationship be-
tween measures of total fat, visceral obesity, or subcutaneous
fat and recurrence (Table 2).

Because of the differences in visceral and subcutaneous
fat across gender (Table 1), men and women were divided
into gender-specific quartiles for visceral, subcutaneous, and
total fat. The ranges for the quartiles are provided in Table 3.
Although in some quartiles there was a statistically signifi-
cant reduction in recurrent adenoma in comparison to quartile
1, there was no consistent monotonic trend of increased or
decreased risk of recurrence as one ascended quartiles of adi-
pose tissue for visceral, subcutaneous, or total fat (Table 3).
There was also no relationship between the relative percent-
age of visceral fat and recurrent adenoma.

In a multivariable model including visceral fat quartile,
prior adenomas, gender, randomization group, and age, only
prior adenomas were statistically significantly associated
with an increased risk of adenoma recurrence with a
relative risk of 4.6 (95% CI 1.7, 12.4, p = 0.001). In this
small sample, randomization to the intervention group was
protective, with a RR of 0.4 (95% CT1 0.2, 0.9, p = 0.03),
although in the trial as a whole the intervention had no effect
on recurrence. Modeling adipose tissue measurements as a
continuous variable did not affect the results. Models includ-
ing aspirin use, NSAID use, family history, and smoking
did not change the results and none of these variables were
statistically significantly associated with recurrence of
adenomas.
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Table 2. Relationship of Subject Characteristics to Recurrent Ade-
noma at Year 4 Colonoscopy

Recurrence
N (%) P Value
A. Demographic variables
Gender
Male 44/84 (52.4) 0.51
Female 16/35 (45.7)
Race
White 53/106 (50.0) 0.79
Non-white 7/13 (53.9)
Education

12/23(52.2)  0.85
48/96 (50.0)

< High school
> High school
Age (years 3= SE)

Recurrence (N = 60) 67.6 £ 1.21 0.20

No recurrence (N = 59) 654+ 1.20

NSAID use
Yes 34/71 (47.9) 0.50
No 26/48 (54.2)

ASA use
Yes 27153 (50.9) 0.92
No 33/66 (50.0)

Ever smoking
Yes 37/77 (48.1) 0.48
No 23/42 (54.8)

B. Polyp history

Prior adenomas
Yes 26/35 (74.3) 0.0008
No 34/84 (40.5)

Family history CRC
Yes 16/33 (48.5) 0.79
No 44786 (51.2)

Randomization group
Intervention 26/61 (42.6) 0.08
Control 34/58 (58.6)

C. Anthropometric measures of obesity

BMI at baseline (+ SE)
Recurrence
No recurrence

Weight at baseline (kg + SE)
Recurrence
No recurrence

BMI at year 4 (£ SE)
Recurrence
No recurrence

Weight at year 4 (kg + SE)
Recurrence
No recurrence

Weight difference (vear 4 minus

baseline +: SE)

Recurrence
No recurrence

274+ .51 0.83
273 £ 45

802+ 1.8 0.93
800+ 1.6

27.6 £ .60 0.72
2734+ 47

80.7 £ 2.0 0.87
803+ 18

524 .65 0.79
30+ .51

D. CT measurements of obesity
Total fat (- SE)
Recurrence
No recurrence
Visceral fat (4 SE)
Recurrence
No recurrence
Subcutaneous fat (+ SE)
Recurrence
No recurrence

461.50 £ 22.1 0.92
458.61 + 17.6

186.8 = 11.4 0.40
1746 4:9.0

2747+ 139 0.63
2840+ 132
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Table 3. Relationship of Adipose Tissue Distribution to Recurrent Adenomas (Both Sexes Combined)

Q1 Q2 Q3 Q4 p-Trend
Visceral fat (cm?®)
Range
Men 69.6-135.4 135.5-192.6 192.7-242.1 242.2-408.5
Women 60.9-90.4 90.5-128.2 128.3-187.0 187.1-374.5
No. of recurrences/no. of subjects 18730 14730 9/30 1929
Qdds ratio (95% ClI) 1.0 0.4 (0.1-1.3) 0.3 (0.1-0.9) 1.0 (0.3-3.3) 0.84
Subcutaneous fat (cm?)
Range
Men 93.3-185.7 185.8-2314 231.5-305.9 306-517.5
Women 191.1-296.1 296.2-358.0 358.1400.6 400.7-555
No. of recurrences/no. of subjects 20/30 11/30 13/30 16/29
Qdds ratio (95% CI) 1.0 0.3 (0.1-1.1) 0.4 (0.1--1.3) 0.8 (0.2-2.6) 0.85
Total fat (cm’)
Range
Men 165.3-331.0 331.1-434.6 434.7-550.7 550.8-863.9
Women 263.9-423.2 423.3-486.3 486.4-548.1 548.2-862.7
No. of recurrences/no. of subjects 20/30 10/30 12/30 18/29
Odds ratio (95% CI) 1.0 0.3 (0.1-0.9) 0.3 (0.1-0.8) 0.9 (0.3-3.0) 0.87
% Visceral fat
Range
Men 25.1-387 38.8-43.7 43.8-47.5 47.6-63.9
Women 132-22.1 22.2-279 28.0-36.9 37.0-52.4
No. of recurrences/no. of subjects 19/30 11/29 10/31 20/29
Odds ratio (95% C1) 1.0 0.3 (0.1-1.0) 0.3 (0.1-0.9) 1.0 (0.3-3.2) 0.97

Controlling for age, gender, remote prior adenomas, and randomization group.

Of 119 subjects, 10 had advanced adenoma recurrences at
T4 colonoscopy. There was no association between advanced
adenoma recurrence and VAT quartile.

DISCUSSION

This ancillary study to the Polyp Prevention Trial shows no
convincing association between VAT or adipose tissue dis-
tribution and colorectal adenoma recurrence. Postulating an
association is reasonable given the mounting evidence sup-
porting the insulin hypothesis of CRC (9, 10, 18) the close
association of VAT to insulin levels (19, 21, 22), and the
demonstration of a biologic basis for a role for insulin in
CRC (13, 15).

The traditional hypotheses for CRC pathogenesis includ-
ing the bile acid hypothesis, and the effect of fiber on
colonic transit and luminal carcinogen exposure are less ap-
pealing given the accumulating negative results from ran-
domized trials and cohort studies against a pivotal role for
fat (27), fiber (33-36), and micronutrients (27, 37). Fur-
thermore, these traditional hypotheses do not explain well
the association of abdominal obesity and insulin to CRC
risk.

There are a number of limitations that must be acknowl-
edged and accounted for in assessing the lack of an observed
association between VAT and adenomatous polyp recurrence
in this study. The primary limitation was that of a small sam-
ple size, which may bave left the study underpowered to

demonstrate a statistically significant association. Although
our study never achieved the projected sample size based on
the initial power calculation, the adenoma recurrence rate was
50% (significantly higher than anticipated) and, as such, our
post hoc power analysis suggested adequate power to observe
an effect. A larger sample, however, would permit a more ac-
curate estimation of the true rate of recurrence in each of the
quartiles of obesity.

We found a surprisingly high rate of recurrent adenomas in
subjects in the lowest quartile of visceral and subcutaneous
adiposity. This relatively high rate of recurrence in quartile 1
contributed to the absence of a significant trend in recurrence
as one ascended quartiles of obesity. In addition, there was a
greater proportion of subjects with adenoma recurrence in the
lowest quartile BMI who participated in the study (47.4%)
in comparison to the lowest quartile BMI without recurrence
(34.9%) and in comparison to subjects with other, higher
quartiles of BMI and adenoma recurrence (36.1%) or no re-
currence (36.2%). This imbalance in participation may have
skewed the results.

Another fimitation is that CT measurement of VAT was
performed at one time point, coincident with the year 4
colonoscopy, marking the endpoint of the PPT study. It is
possible that rather than the absolute amount of VAT, it is
the change in VAT over time that influences adenoma re-
currence. A baseline VAT measurement at time zero would
have helped to determine whether a change in VAT over time
(4 yr) had an impact on the recurrence rate of adenoma-
tous polyps. The argument against this postulated association,
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however, is that no relationship was observed between weight
change and recurrence in this sample, or in the trial as a
whole (27).

Perhaps the intervention diet may have differentially af-
fected VAT in the intervention cohert. In this study, because
the recurrence rate for adenomatous polyps in the trial was
similar between the intervention and control groups, the two
groups were combined. However, if the intervention diet af-
fected VAT, it could have obscured or altered the relationship
between VAT and recurrent adenomas, and contributed to
the lack of the observed effect in this study. While data sug-
gest that there is a preferential reduction in VAT as opposed
to subcutaneous adipose tissue in response to diet-induced
weight loss (24, 38-41), there is no evidence that changing
the content of the diet affects VAT. In the larger PPT trial,
there was only a 0.65 kg weight loss in those randomized
to the low-fat, high-fiber, high vegetable and fruit interven-
tion diet, although this was statistically different from con-
trol subjects (42). That small amount of weight loss is un-
likely to have a significant effect on the amount of measured
VAT (24), so it is unlikely that VAT change was different
in the intervention versus the control group. Finally, in this
sample, there was no significant change in weight over time
between those with recurrent adenomas compared to those
without.

A further possibility for a null result is that our endpoint
included all adenomas. In the Health Professionals Follow-up
cohort study (9), waist circumference and waist-to-hip ratio,
which are surrogate measures of VAT, were strong risk fac-
tors for the subsequent development of CRC and for large
adenomas 1 cm in size or larger, which are considered at
high risk for cancer development, but not with small ade-
nomas that are less likely to progress (43). In our study we
looked at the recurrence of all adenomatous polyps regard-
less of polyp size or histology. In the national PPT, only 6.3%
of patients in the intervention arm and 7.0% in the control
arm developed an advanced recurrent adenoma (defined as >
1 cm in size, at least 25% villous elements, or with evidence
of high-grade dysplasia). It is possible that VAT could affect
the development of large or advanced adenomas; however,
this study does not have adequate power to demonstrate such
a relationship, given the small number of recurrent advanced
adenornas. One also must be cautious about generalizing the
findings in this sample as the results may have been differ-
ent were data available for the trial as a whole. Finally, while
VAT and its associated metabolic profile may be related to
CRC, and development and perhaps recurrence of adeno-
mas, the 3-yr period of observation in this small cohort may
not have been enough of a time horizon to observe such an
effect.

In conclusion, in this ancillary study to the PPT, no as-
sociation between VAT and adenomatous polyp recurrence
could be demonstrated. Future studies, using larger cohorts,
followed for longer periods of time, and which include mea-
surement of metabolic parameters such as insulin and insulin-
like growth factors are anticipated to more fully evaluate the
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relationship between the insulin hypothesis and adenomatous
polyp recurrence.
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